
1

Michael Meyer

Mars Lead Scientist

Mars Exploration & Mars Sample Return
HEOC/SC
Jan 14, 2021





3

Life I. Determine if Mars 
ever supported, or 
still supports, life.

A. Search for evidenceof life in environments that have a high potential for habitability and 
preservation of biosignatures.

B. Assess the extent of abiotic organic chemical evolution.

Climate II. Understand the 
processes and 
history of climate 
on Mars.

A. Characterize the state and controlling processes of the present-day climate of Mars under 
the current orbital configuration.

B. /ƘŀǊŀŎǘŜǊƛȊŜ ǘƘŜ ƘƛǎǘƻǊȅ ŀƴŘ ŎƻƴǘǊƻƭƭƛƴƎ ǇǊƻŎŜǎǎŜǎ ƻŦ aŀǊǎΩ ŎƭƛƳŀǘŜ ƛƴ ǘƘŜ ǊŜŎŜƴǘ ǇŀǎǘΣ
under different orbital configurations.

C. /ƘŀǊŀŎǘŜǊƛȊŜ aŀǊǎΩ ŀƴŎƛŜƴǘ ŎƭƛƳŀǘŜ ŀƴŘ ǳƴŘŜǊƭȅƛƴƎ ǇǊƻŎŜǎǎŜǎΦ

Geology III. Understand the 
origin and evolution 
of Mars as a 
geological system. 

A. Document the geologic record preserved in the crust and investigate the processes that 
have created and modified that record.

B. Determine the structure, composition, and dynamics of the interior and how it has 
evolved.

C. 5ŜǘŜǊƳƛƴŜ ǘƘŜ ƻǊƛƎƛƴ ŀƴŘ ƎŜƻƭƻƎƛŎ ƘƛǎǘƻǊȅ ƻŦ aŀǊǎΩ Ƴƻƻƴǎ ŀƴŘ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ǘƘŜ 
evolution of Mars.

Human 
Exploration

IV. Prepare for 
Human Exploration.

A. Human landing with acceptable cost, risk and performance.
B. Human surface exploration and EVA with acceptable cost, risk and performance.
C. In Situ Resource Utilization (ISRU) of atmosphere and/or water with acceptable cost, risk 

and performance.
D. Biological contamination and planetary protection protocols with acceptable cost, risk 

and performance.
E. Human missions to Phobosor Deimoswith acceptable cost, risk and performance.

Source: MEPAG 2020

Mars Exploration Program Analysis Group ςScience Goals 



Dust Storm

Mid-day skylight at Opportunity as simulated  by M. Lemmon

from measurements  MER / JPL / NASA

Tau = 1 3 5 7 9 11

Opportunity rover in survival mode
Not expecting contact until dust haze clears
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Polar Vortex
Indirect Dynamical 
Warming

Solar Heating of 
Dust

(~30 km)

Mars Year 35 Great Dust Storm Season
MRO MCS / JPL-Caltech / JPL / NASA

D
a
ta

 g
a

p



Regolith Shielding of the Radiation 

Environment on Mars: Murray Butte

Total Dose Rate - CuriosityôsRAD measured a 4% drop

in dose rate, the Butte blocked ~ 21% of the sky in

RAD's FOV. Assuming the shielding effect comes from

the main part of the Butte, we extrapolate that ~ 8% of

the radiation is coming from within <20° of the horizon.

Neutral particle dose rate ςThe drop in neutral particle
count ratesof ~ 7.5% Usingthesedata,we find that ~35%
of the neutralsRADmeasuresare albedoparticlescoming
from the groundandsurroundingrocks(S. Loeffler,et al.)
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RADMurray Butte and tilt anglemeasurementsprovide the first in-
situ proof of conceptfor usingenvironmentasnatural shelter!
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First Sample Return from Another Planet
Mars Sample Return

A priority since 1980 and of two National Academy Decadal Surveys

A first-step ñround-tripò in advance of humans to Mars

The oldest known life on Earth existed ~3.5 billion years ago, a time when Mars was 

habitable. Today,

<<1% of the Earthôs surface is 3 billion years or older

>50% of the Marsô surface is 3 billion years or older

The first billion years and lifeôs beginning in the Solar System: 

The record is on Mars




